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New Observing Strategies
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Novel Observing Concept Design 
Timely Adaptive Capture of Science Events

Actively acquire data in 
coordination with other sensors 

and models in response to 
measurement needs and/or 

science events

Increase understanding and 
predictability of dynamic 

events on Earth

Provide a more Complete 
Picture of Earth System 

Processes



New Observing Strategies Testbed
The NOS Testbed is a software environment for:
• Validating observing system concepts and technologies
• Demonstrating new observing strategies
• Trade studies, Evaluation, and Socialization
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A First Use Case
• Demonstrate a New Observing Strategy that 

Coordinates in situ sensors, remote sensing, 
and models to better observe a flood.

• Demonstrate the concept running in the NOS 
testbed as proof-of-feasibility

• Observations are simulated with historical data 
from the Midwest flood of 2019. Scenario 
focuses on the few days near the peak flood.

• This is a first ‘proof-of-feasibility’ for the testbed. 
Other scenarios may be considered in the 
future.
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Offut Airforce Base Neb, Mar 17

Flooding of Eastern Nebraska began on 
March 14, 2019, due to heavy 

precipitation, snow melt and river ice jams
Credit: Air Force



New Observing Strategy 
for Flood Scenario

5

In situ stream 
gauges

In Situ 
Soil Moisture

Flood Forecast

High Stream Flow

Modeling

Observation
requests

Expedited flood 
product requests

Trigger Analysis

Surface Water Extent
from visible imagery

Low-latency VIIRS 
flood products

Schedule observations 
taking into account 
observability and 

availability constraints

Retasking

Image credits
Skysat: Planet Labs
NPP: NASA



New Observing Strategy Elements

• Flood scenario is an example of how satellite and in situ sensors 
can be directed to acquire high value observations of predicted 
events.

• Retasks commercial satellites to acquire higher-resolution (space and time) 
images of predicted high-utility flood regions, while flood peaks are 
occurring.

• Requests low-latency VIIRS product for assimilation when floods are likely 
(via AWS Ground Station as a Service and Stream Gage triggers)

• Upscaled in-situ sensors provide soil moisture data with larger spatial 
coverage.
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Simulated in NOS Testbed
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• Observations simulated 
with historical data

• Nodes run on distributed 
servers 

• Communicate via a 
Publish-Subscribe 
message broker.

In situ stream 
gauges

In Situ 
Soil Moisture

Low-latency VIIRS 
flood products

RetaskingModelingNOS-T 
Manager

Message broker
(SMCE)

NASA 
Ames

USC Langley JPL

JPLGoddardStevens

Image credits
Skysat: Planet Labs
NPP: NASA



Testbed Nodes

NOS-Testbed 
Management:
Jay Ellis/KBR

Modeling Node – Land Information 
System, LIS: Sujay Kumar/GSFC 
(Land Information System, LIS)

Coordination Node –
Planning and Scheduling: 
Steve Chien & James 
Mason/JPL

Coordination Node and NOS 
Testbed Framework –: Paul 
Grogan/SERC and Stevens

Observing Node (Space) – Large Node – Suomi 
NPP/VIIRS: Louis Nguyen & Thad Chee /LaRC
(AWS Ground Station as a Service, GSaaS)

Observing Nodes (In-Situ) – SoilSCAPE, Soil 
Moisture Network: Mahta Moghaddam/USC 
& Ruzbeh Akbar/MIT

Observing Nodes (In-Situ) –
Ground Sensor Coordination 
Node (e.g., USGS River Gages): 
Chad Frost & Dan Cellucci/ARC
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Upscaled In Situ Soil Moisture
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Simulation Time: 2019-03-15 06:00Z

Generate upscaled soil-moisture 
product from in-situ network

Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



In Situ Stream Gage Sensors
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Simulation Time: 2019-03-15 06:00Z

Stream Gauge Data every 6 hours
Watch for unusually high flows

Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Schedule AWS Ground Station for urgent 
downlink of VIIRS direct broadcast data
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Schedule AWS Ground Station to 
receive NPP direct broadcast at 17Z

Simulation Time: 2019-03-15 12:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Downlink and Generate VIIRS Flood 
Extent Product
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Downlink via AWS Ground Station
Process flood product in the cloud

Simulation Time: 2019-03-15 18:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



New Observing Strategy for 
Flood Scenario
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In situ stream 
gauges

In Situ 
Soil Moisture

Surface Water Extent
from visible imagery

Low-latency VIIRS 
flood products

Expedited flood 
product requests

Triggers

Flood Forecast

High Stream Flow

Modeling and Analysis

Observation
requests

Image credits
Skysat: Planet Labs
NPP: NASA



Assimilate and Forecast: Flood “Triggers”
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Forecast peak flows
in 6-hour blocks

Simulation Time: 2019-03-16 00:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS

This document has been reviewed and determined not to contain export controlled technical data.



Schedule Satellites to observe peaks
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Schedule Satellites to image 
predicted peak flows

Simulation Time: 2019-03-16 06:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Satellite Images Acquired
Derive Surface Water Extent
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Schedule satellites to image 
predicted peak flows

Simulation Time: 2019-03-16 06:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



New Observing Strategy for 
Flood Scenario
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In situ stream 
gauges

In Situ 
Soil Moisture

Surface Water Extent
from visible imagery

Low-latency VIIRS 
flood products

Expedited flood 
product requests

Triggers

Flood Forecast

High Stream Flow

Modeling and Analysis
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Image credits
Skysat: Planet Labs
NPP: NASA



New Observing Strategy for 
Flood Scenario
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In situ stream 
gauges

In Situ 
Soil Moisture

Surface Water Extent
from visible imagery

Low-latency VIIRS 
flood products

Expedited flood 
product requests

Triggers

Flood Forecast

High Stream Flow

Modeling and Analysis

Observation
requests
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Stream Gauge Triggers
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Detects unusually high flows

Simulation Time: 2019-03-16 06:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Schedule AWS Ground Stations to 
receive next VIIRS direct broadcast
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Schedule AWS Ground Station to 
receive NPP direct broadcast at 17Z

Simulation Time: 2019-03-16 12:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Next VIIRS Flood Extent Product
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Downlink via AWS Ground Station
Process flood product in the cloud

Simulation Time: 2019-03-16 17:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Next Upscaled Soil Moisture
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Generate upscaled soil-moisture 
product from in-situ network

Simulation Time: 2019-03-17 00:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Assimilate Data and re-forecast
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Assimilate and re-forecast
Repeat workflow

Simulation Time: 2019-03-17 00:00Z
Stream 
Gage

Soil
Moisture

Model Planner

GSaaS



Enables Targeted images of flood peaks
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High resolution images of 
flood peaks

• Model-driven dynamic retasking
provides  high resolution visible 
imagery of flood peaks as the 
flood is unfolding.

• Provides better resolution of 
flood plains and more precise 
surface water extent at those 
locations.

Surface water extent

Dove images courtesy Planet Labs



Model-directed data improves forecast
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Triggers without directed observations Triggers with directed observations

Forecast triggers include more flood areas after assimilating all directed observations



NOS intelligent observing strategy 
improves model forecast
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Red ground truth (high confidence floods)
Dark blue forecast without assimilation
Light blue forecast with NOS-directed observations

Forecast assimilating all NOS-directed observations 
(VIIRS, soil moisture, surface water extent) does ~30% 
better than same forecast without directed observations.

Forecast date
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Testbed provides environment for 
exploring NOS concepts

• First demonstration of a New 
Observing Strategy in the NOS 
Testbed

• Coordinates models, in situ, and 
remote sensing platforms to observe 
triggered and forecasted events.

• Future scenarios can consider other 
observing systems and science 
objectivesScience 

Modeling

Retasking

satellitesIn situ sensor
networks

Smart
Downlink

CubeSats and 
SmallSats

Observing System

Processing 
and analysis

Assimilation
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